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Previous investigations on the synthesis and biological evaluation of 2-oxasteroids have
produced compounds possessing desirable anabolic, androgenic, and lipid~-lowering properties.l
As an extension of this work aimed at studying the effect on biological activity of a hetero-atom
at the 2-position of steroids we have also prepared several series of 2-azasteroids.?

The preparation of saturated 2-azasteroids proved to be straightforward. Condensation of
178-hydroxy~-1-oxo-1,2-seco-androstan-2-oic acid (la) or its 1Ta-methyl derivative (E)la’ld with
ammonia in the presence of hydrogen and Raney nickel3 led respectively to 2-aza-1TB-hydroxy-5a-
androstan-3-one (28), mp 265-270% ACho'3 2,9k and 6.03y, or its 1a-methyl derivative (2b), mp

305-307°%; Agﬁil:’ 2.94 and 6.03y, respectively.
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The synthesis of the A"—a.na.logs proved to be more difficult since the Raney nickel-ammonia
method was likely to eliminate unsaturation during the reductive amination. Fortunately, it was
found that this conversion could be successfully carried out on unsaturated lactols with genera~
tion of the desired lactam, using ammonium formate and formic acid with no apparent reduction
of the conjugated double bond*. This discovery turned out to be the key to the present work.

Thus, the lactol which had been previously prepared in poor yieldla’ld

was synthesized by an
alternate improved method. Ozonolysis of 2-hydroxymethylenetestosterone ( 3) in the presence of
dimethyl sulfide in methylene chloride/pyridine afforded 2,178-dihydroxyandrosta-1,4-dien-3-one

(k)5 in '65% yield. Reaction of this material with oxygen® in the presence of cupric ion in
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dimethylformamide’ yielded the lactol 5 in moderate yield (ca. 40%), mp 2hh-245°; A::il3 5.80u;

MeO
max

280-282°; ASEC13 2,92, 5.95, ana 6.15u; A% 220m (12,000); 51(,;’2"13 * CF3C02D) 4 8o (3,s,18-CHs),

AMeOH o 6nm (13,900). Leuckart treatment of this material produced 2-azatestosterone (6), mp

1.18 (3H,s,19-CH3), 3.30 (2H,brd s,1-CHp), 5.70 (1H,brd s,4-CH), in about TO% yield after basic

hydrolysis of the partially esterfied 17-hydroxyl group.
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Since removal of the 19-methyl group has been associated with an increase in hormonal prop-
erties, it was of interest to prepare 19-nor-2-azasteroids. Utilizing the readily available
bridged keto diester 15, oxygenation® in the presence of potassium E—bm'.oxrld.e9 afforded after

hydrolysis in yields up to 70% 68,19-oxido-2,17-dihydroxy-androsta-1,i-diene-3-one (8)!12, mp 199-

MeOH
max

2010;

AC2C13 6.03 ana 6.12u; AM%OH 53 (11,600); 522213 0.88 (3H,s,18-CH3), 3.93 (2H,dd,J=8 Hz,
19-CHz), b.7T (1H,4,J=k Hz,6-CH), 6.23 (1H,s,vinylic-H), 6.27 (1H,s,vinylic-H). Treatment of (8)
with ozone at -65° in ethyl acetate, followed by rearrangement of the intermediate molozonide with
concomittant loss of carbon dioxide merely upon warming, gave the desired lactol 9 in 60% yield,

o KB MeOH CsDgN
mp 143-150°; xmA: 5.80u (brd); A ° " 226mm (8,800); 5p;m5

Hz,19-CHp), 5.00 (1H,brd d,6-CH), 6.14 (1H,s,k-CH), 6.42 (1H,brd s,1-CH), a key intermediate in

0.98 (3H,s,18-CH3), 4.25 (2H,dd,J=8

the synthesis of the desired 19-nor-2-azasteroids.
When the cyclized acid-aldehyde 9 was refluxed overnight with ammonium formate in formic acid

the unsaturated lactam 10 was obtained (50% yield), mp 2h7-250°; A:§§13 2.93, 5.90, and 6.03u;

AMEOH ooomm (11,200), after saponification of the partially formylated 1T-hydroxyl group.

Acetylation followed by reductive cleairage of the 6-ether bridge with zinc-copper couple led to
(CDC13 + CF3CO3D)
ppm

0.87 (3H,s,18-CH3), 2.15 (3H,s,17-0Ac), 3.89 {(2H,brd 8,19-CH,), 5.85 (1H,brd m,i-CH), in yields

the 19-hydroxy-AS-lactam 11, mp 271-273°; A:§§13 2.93, 5.79, 6.02, and 7.90u;é

up to 90%. Isomerization to the conjugated lactam 12 was affected by refluxing 1l in piperidine

o, ,MeOH (CDC13 + CF3CO,D)
? Ppm

with acetic acid (3:1), mp 265-275 220nm (13,200); & 0.87 (3H4,s,18-CH;),

2.13 (3H,s,17-0Ac), 3.65 (2H,dd,J=1h Hz,1-CH,), L4.O4 (2H,brd 8,19-CH ), 5.95 (1H,brd s,k-CH).
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The conversion of 12 to 19-nor steroids was accomplished by the methods described in the
le,ld

2-oxa series Chromic acid oxidation of the alcohol gave the 10-carboxy derivative 13 which
was not purified but rather decarboxylated in pyridine-acetic acid (5:1) affording the a5(10)_
lactam 1h, mp > 325°; ACic'3 2,93, 5.79, 6.00, and 7.90u; 5;2"13 + CF3C02D) 83 (34,s,18-CHj),
2.07 (3H,8,17-0Ac), 2.90 (2H,brd m,4-CHy), 3.95 (2H,brd m,1-CH), in ca. 60% yield from 12.
Bromination in CHClj gave the 5,10-dibromo compound in excellent yield which dehydrobrominated
with N-methylpiperidine to ﬁrodnce the unique A-ring pyridone steroid 16 (exclusive of any cross
conjugatéd A“’9(1°)-diene), mp > 330°; A:§213 2.93, 5.78, 6.01, 6.16, and 7.90u; A::gn 306 (5,500)
and 231 (7,900); 5‘(;:3"02”) 1.02 (3H,s,18-CHs), 2.27 (3H,s,17-OAc), 7.13 (1H,brd m,k-CH), 8.00
(1H,brd m,1-CH). The a-pyridone 16 was then alkylated with methyl iodide and silver carbonate in
benzenel? to give the interesting 2-azaestradiol-3-methyl ether l7-acetate (17), mp 102—10h°;
ACH13 5.80, 6.2, 6.70, 7.30, and T.90u; Aol 2TTmm (3,730) and 287nm sh; 62213 0.83 (3H,s,18-

max
CH3), 2.05 (3H,8,17-OAc), 3.88 (3H,s,3-0CH3), 6.4 (1H,brd s,i-CH), and 8.00 (1H,brd s,l-CH).
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A similar series of reactions led to 2-azaestrone-3-methyl ether, mp 139-1h0°; A::gﬂ

(3,850), 286nm sh, which in turn was converted to 17a-ethynyl-2-szaestradiol-3-methyl ether, mp

MeOH
max

276nm

141-145°; 2 27Tom (3,700), 287 sh, by standard ethynylation procedures.

An alternate syntheais of 16 was based on earlier work in the 2-oxa series. It was found

»1d

that bromination of the A5(10)_1actone 181 {5 chloroform produced the aibromo lactone 19

vhich upon treatment with N-methylpyrrolidine gawe the a-pyrone 20, mp 178-182°, 7\3:213 5.78u
MeOH
(brd); A ey 300mm (5,750), in execellent overall yield.l! This could also be converted to 16 by

condensation with ammonium acetate in acetic acid in moderate yield (50%).
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